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Optical Processes Magnetic Storage Stability Requirements

Field and Spin Current
Driven Processes

Thermal Earth’s
Processes Dipole Field
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Flux Closure
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Important length scales: 1-10,000 nm

Important time scales: 1-10,000 ps
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X-ray Absorption

X-ray Absorption
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ransmission
detector

Sample,
raster scanned
Aperture " Scanning or full-field

Zone plate : modes
Crystal objective lens —, b . L.
monochromator ‘ Resolution limited by

Py zone plate (~15 nm)
Undulator ' Thin sample required

Fluorescence
detector

Source Condenser Objective

Condenser

zone plate
Plane \
mirror

ALS bending
magnet

Soft x-ray
sensiive CCD

P. Fischer, et al., ALS
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X-ray Photoemission Electron Microscopy (X-PEEM)

Screen
Full-field imaging

~100 nm resolution

<5 nm with aberration
correction?

Focused X-ray beam not needed
Thin samples not needed po S« A0, _
But surface sensitive! , e L Projector
7% S lenses
Aperture
2 ym diameter Nig,Fe,, /Co rings
Objective

Mirror

SSEALA Entrance slit

B-0-0- T~
Circularly Spherical Grating

Polarized Monochromator
Undulator

Exit slit

APS beamline 4-ID-C (500-3000 eV)
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Pump-probe time-resolved X-PEEM

90 ps
153 ns

24-bunch At
mode:

PEEM Optics

Advanced
Photon
Source

B~J/2A
(up to 5 mT)

Sample Fabrication: Two-step
optical and e-beam lithography

process at Argonne’s Center for
Nanoscale Materials

Waveguide: 500nm thick
x 10 mm wide
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pH= 008+ ) 1 - 0
K. J. Kirk, J. N. Chapman, C. D. W.

Wilkinson, Appl. Phys. Lett. 71, 539
(1997).

J. Yu, U. Rudiger, A.D. Kent, L. Thomas,

S.S.P. Parkin, Phys. Rev. B 60, 7352

(1999). .
7x2 um Nig,Fe,, needles

4 nm thick
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Magnetization Reversal

Field transition

0 t=400 t=600 t=1200 t=1600 t=2100
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PEEM(XMCD)

Beam direction

Applied field
X. Han et al.,, PRL 98, 147202 (2007).
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Flux closure state in circular structures

o Demagnetizing field drives in-plane
iy circulating structure
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Vortex Core Eq. of Motion:

Landau-Lifshitz Eq.

% -G xx+ X
H>0 MA — U A+ [)X J .
Fundamental or

Vortex Core Polarity Reversal: “gyrotropic” mode

Yamada et al. Nature Materials 6, 270 (2007).
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14300 ps

230 MHz
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6 um diameter, 30 nm thick permalloy disks:

H(t)

Fall Time ~160 ps

Resonance Frequency > 40 MHz

Core Position X=(X,Y) Bunch Frequency = 6.5 MHz
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Unshifted
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Simulations begin with equilibrium state for
H, =1, 2, and 4 mT and with positive core
polarization

Field is removed abruptly

Trajectory appears circular for diameters
from 100 nm to 6 microns
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Vortex Core resonance frequency:

FeNi
Mg=720 G

v2n=2.95 MHz/Oe

Critical Field, Displacement:

H./H,,~0.28
H,,=c'M~9.6 mT
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0.010 0.012 H,~2.7 mT

Dot aspect ratio, L/R
X_/R~0.28
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Stochasticity in non-linear motion
Relaxation of 6 um squares after field pulse

B=2 mT:

t=+1.4 ns t=+9.8 ns t=+16.8 ns t=+23.8 ns

> Random motion
Beam direction
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Magnetization Reversal

Field transition

0 t=400 t=600 t=1200 t=1600 t=2100

=

PEEM(XMCD)

Beam direction

Applied field
X. Han et al.,, PRL 98, 147202 (2007).
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10 15
Field (0e)

0 40 Domain walls can be stable for ~10 min,
Fela 09 Long term they are not
Beach et al., Nat. Mater. 4, 741 (2005).
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Optically induced
magnetization processes
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A.V. Kimel et al., Nature 435, 655 (2005).

Improved time resolution!
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Spin transport

Spin-based current gating
(Spin-FET)

Source Channel Drain

Spin-FET

Improved sensitivity!
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- Calculated CPU white beam flux

— Estimated VLS-PGM mono beam flux

—— Measured SGM mono beam flux
(700 I/mm grating)
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Optically Induced
Processes

BT e o Magnetic Storage Stability Requirements

Reversal

Spin Precession

Vortex Thermal
Dynamics Demagnetization

SPX

Existing APS SR T Pump-probe
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Influence of Shape on Magnetization Reversal
Rectangular structures — end domains
Tapered structures — center domains

Bias field dependence of vortex core trajectory

Initial motion at high fields motion is complex
transient states
vortex-antivortex pairs

multiple core polarization reversal events

Experimental critical field Hc~2.5 mT, core displacement Xc~0.2R agree
well with simulations and analytical predictions

Beware of stochasticity
may be induced by choice of shape and driving field




